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RnMEFMATIHRRELR
BXMEEREFEN R
MEE, HHEA

(1A BOEBOE R A TFR, AKFE 050061; 2. A KERMAT KRBT, A%FE 050061 )

OE DIEA(N) WARERRE W A YRR A DL R IR AR PR N, A RR N IS
B A N TARE R 546 e N DIRESED (NFGs ) 23K 1152 M K FLAE FHAIL] , 12 3C DL 2E 5 00T J2 Mok 1 i 1
A NTMARRGE R G2, 047 T 2 SRR RIS INAL 3 & 4 S ARFERBIMAKFE0.1.5.10 g N - m” - a5 5id
fE NO N1 .N5 N10, % H I REIL R 134 GeoChip 5.0 R4 K % N L3 35 46 BT T 3 NFGs XF & A
JNE R N A B e, 255 R . (1) 5 NO AR LE, IR N B AL 38 (N1 NS) f2 3F T 24k (wreC |
nirA .nrfA) g (amoA) FILAE AL (norB) FH 5 3 A 1) A X £ )i B N ACFR (N10) U Hl T A NFGs f 3
Ko (2)FHEAHT R B, N1 NS (942 25 4E A 5 B 3 HLAR (SOC) | iH A& 2l (NO, ™ -N) Fl iR A= P A= i ik
(MBC) A&, N10 AbFE 25 FEAK T T A B ALl 2 NFGs I A X =F B, 3R 6 T80 52 0 5 3% ik 12k 7 LA
(DOC) \MBC FHMIEAA I, (3) SRR FEEMA AL, N1 A1 N5 b3 30 T4 N figfe
N WAL N, O I HEBGE % B N10 42 2E7E FHAS B2, 26 B AU ot &6 A i PR dE /R AF R I, (4)
Z I Hriff— 2L R | amoA-AOB A1 MBC 2521 N i b G5 2 ureC nirK 1 MBC J2 520§ AW
I B R | narG (nirS S5 N,O HERL R G2 . 25 1, N WS I a] $2 i 41 i 11 N MRy 0% Ak %
P 1R 0 A3 A ) BB PR A AR B (R U K AEZE B, S 10 g N - m™ - o' B, UG fh 32 30 4
HlLEIS g N - m? « a ZAE IR TR E I N ALK,
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Effects of nitrogen addition on nitrogen transformation
and related functional gene abundance in Pinus
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China; 2. Shijiazhuang Municipal Water System Garden Center, Shijiazhuang 050061, China )

Abstract ; Soil nitrogen (N) effectiveness is an important factor affecting soil microbial community structure and soil N

cycling. In order to explore the effect of N addition on nitrogen transformation and N functional gene (NFGs) expression
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in Pinus sylvestris plantation and its mechanis, in this study, the Pinus sylvestris var. mongolica plantation in the
Saihanba Melaleuca Forest Farm were added four different N levels of 0, 1, 5, 10 g N + m™ « a™ for two years, which
were designated with NO, N1, N5 and N10, and with the GeoChip 5.0 functional gene microarray system and the
greenhouse soil culture method, the response of soil NFGs to N addition and its influence on N transformation processes
were discussed. The results were as follows: (1) The N1 and N5 treatments significantly affected the ammonification
(ureC, nirA, nrfA), nitrification (@moA) and denitrification (norB) and compared with the NO treatment, N10
treatment reduced the expression of all NFGs. (2) Correlation analysis showed that the above promotion was significantly
associated with soil organic carbon(SOC) , nitrate nitrogen(NO, -N) and microbial biomass carbon( MBC), and N10
treatment significantly reduced the relative abundance of NFGs for all N transformation processes, and this negative
effect was associated with a reduction in dissolved organic carbon(DOC) and MBC content. (3) Similar to the trend of
nitrogen transformation gene abundance, N1 and N5 treatments significantly increased net N nitrification, net N
mineralization and N,O emission rate, but the promotion of N10 was not significantly, which indicated that there was a
threshold for the promotion of nitrogen conversion by nitrogen addition. (4) Furthermore, multiple regression analysis
further showed that amoA-AOB and MBC were key factors affecting net N nitrification, ureC, nirK and MBC were key
factors affecting net N mineralization, and narG and nirS were key factors affecting N,O emissions. In conclusion, N
addition can improve the promotion of N transformation and increase the relative abundance of some specific enzyme
functional genes in Pinus sylvestris var. mongolica plantation, but there is a threshold value for N addition level, when 10
gN-m” - a'is applied, N transformation is inhibited, and 5 g N - m™ - a’ is a better level to promote soil N
transformation in Pinus sylvestris var. mongolica plantation.

Key words: Nitrogen addition, nitrogen functional genes(NFGs) , net nitrogen transformation, N,O emissions

THER(N) B A B2 e i A S R e

42 %

UL B E I B K (Tian et al., 2019) , Kt Af

YA A Y A2 0 R R (F RS
2014) . 23k N JUFE IE7E 28 -1 N A ok K5y
M AN RS LW N A (B4 2021; & &
REF,2019) A4 N 4746 AR LR N, O HETK, X
AR B e NI AT RS G DL SR = R
ACHE R 55 B 45 ) R0 (2% 9 B 45, 2021) . IR
YIE RN g s 5 e N A 30 5 B Y 2 223K ) )
2T N & A Y A% BT N TR Y
Me 3 DL K 5 N A G R DA A

A REFHE A (nitrogen function genes, NFGs) T
L G A O R il AT 5 o R0 B O AR 2 R A
AW RE Y LR SR bR (B 244 ,2019) . DA
TEXT NFGs BIBEFE 2 h TR AT ARG
WHAH R ARG, TERIAETRG D, R LN
it R N[ 6 R (nifH ) 2 B A B 2, 2
B T A AL A (amoA ) FAEAL FE DR ( nirK | nirS |
nosZ ) YA B8 | H 32 252 HIE A F - 3 pH 4
% (Ouyang et al., 2018) . [ 7€ V. #4417 2% Ak £
H N S INBEAR T nifH 55 N [ 5E H AT amoA 55 %
fiF AR DR 2 B T84 0 1 SR A PR 32 8 (Tian et
al., 2019) , 5 FRMFN LM - HEAH L, 6 T7
FEWRH BRAR LR AR = AU AR B K o

RETE WUAS [R] 04 sl 2 0 % 45 A DA T X 2802 Ak 1) 5
Wl AEAE 25 5, SRTAT, H HTOC T 200 i w83 4 A&
I NFGs 1952 i 5 i A 238

EILTHAEK, BN A2 3 TE R A B R G A
WAL T AT T — R, VIR s T AN
T o8 R A= Wy A A B DR R E AR A T
(BRI AL 0 A A N, O HEJif) 7Y 3K S AL ( Chelsea
etal., 2016) . TEIA 1Y NFGs Hr, 52 i i 1k R 8
BRI amoA Fe A | 52 W [ il AL 58 — 2 1) narG 3%
PRI DA K 52 i) B T8 25 B 19 nar 56 DRLGE 5 90N R 2 458
il N AL HX A1 K F ( Ouyang et al., 2018 ; Chelsea
et al., 2016) , H & 3 564 2wk pH LK % ik 1
ROESZM NFGs FRERY E2 R X R P
MY DR 7E A &R e Ak bl & s 24E 1, RP Ak
VR RS AT B4 52 e - SR BT TR MR TR A5
I X R/ AL i 2 72 AR R AE 52 W ( Wang et al.,
2017), HHHEZKBEE LEATFARARE S
UG A R E R R WA,
N BIEe & A J 11 NFGs K35, AT 52 M AH
KN EFefbidfy T3 N bl 5 NFGs | - 3%
JBT =35 ] B AH G DG ZR Ay - 3k 4 ] 1 #S ™  fi) 24
B MR AR 4 38 U A S 552 ma A FH AL
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il B INIR . ASBIEFE AT 4 28 57 LR 1 P A3 AR
NBFFER G K I REEE I B GeoChip 5.0 R4
PENSR R S SF i B I N CIE= 870 I P S 0]
FIEVET NFGs K HR T Ak 72 2 50y &2 i, U
VAR E G IMACF 2608 T NEGs F1 4 5 1% Jot ot
P A N AR GUER B AL A AR A T Bk LB 532 Wi A 5%
RAR T R A S B R 2R LU A L AR
AR AL A P A A

1 MEE T *

1.1 FHREER

F5E DX H Ab 2442 W 1l & 5 3 b 1 bk 22 3
Qb A5 TIRT AL A8 T 37 0 T 52 o T TG L LR Y 28
FHHAMG T EZ RGN (17°39'42" E 42°35'
45" N), Z M T 1962 4F & i, A Tk i R
20 029.8 hm?* ,J& 3 [F 45  #25 Fl fF (9 3 22 A 3 Ak
X, BRI 1 300~ 1 600 £k, 1% A T4k A 2 a LA
Kt 8—10 AFFFAT— R AR S AN, % X U I
ARl T 2 B R X, AR AR A 8
KO RIES B, TR 2 X8RP
PIREE R UK R334 g N-m” - a', RIBIX
MR RS R 1 432 m AEBIRE/K B 454.2 mm, 4F
YIH A2 2 368.8 h, 4EXZE LA 1 244.9
mm , SE AR E N 75.3% B SR N -1.4 C
A R FFON KD A+, AR KR
B MERY), MR R B, LR
/=N (Thalicirum petaloideum) | MREERK R ( Potentilla
longifolia) ki ( Sanguisorba officinalis) P ET 225
( Carex lanceolata) N7,
1.2 H#ihiF BESHRRE

2018 4F 3 HIEBEM B4R RR Ry 12 4ERYFE AL, 1%
BHANRAZLH BANLH 4 AFEE, L 16 4/
X, /NXTEFE R 6 mx6 m, /NX Z 8] E 4 m Y
by . R R AR BR % (NH,NO, ) ¥ W 18 X7
MUK FERI:0(NO) , 1(N1),5(N5) Al 10
(N10) g N - m™ « a”', 5iZ il [ 2R R0 R
(334 g N-m?-a')fHL,N1,N5 Fl N10 b3 53
SR TR b R0 R LR it R X
NH,NO,# BT 10 L 281K 7 2018 /£ 6 H &
2020 4 6 H B P~ H it & — U, it B[] 3 24 A
WIZE 10,30, I AR UEIZ 6 FH A RIS 15 h G
TFRAE D, g R it 12 Y, X T NO AbBE R

FH S PR B 7% 188 /K W% 3G B M i ) A5t ) & RS
AR FEAH R,

2020 4% 6 J1 20 H (WER) , AN 4K 1 1 12
BEET (K20 em, HAE 6 em) ME 1 (0~20 em) UL
B HHEREAR  URE T 5 BR R 2 VR, 26 AR b
BEALIEHC 5 4B £ A 4 B0 48— SRR A, PR A7
TR LM 4erh KA S IR A A7 & T 7K i g
WA PP iZ X R R =, A AR L BR
BRA RV RERAT 5 53 3 AT B — A R A
F 4 ¢, T I8 A A ) RN B SR DA
FRE 55 5 5 55 3 o R KT R BEAT - 3k
FRAL ST 3 55 =5 5 RIR A7 T -80 C A B R A
I 8 JE I 4 GeoChip 5.0 2 4 5 HF 43 b 1 4
NFGs AHXF 3B,

1.3 Hmat

1.3.1 23 A s A0 b ol 2 3 RE i B AL
B 2 IR i+ HL(2000) BTk e, + 3 pH {H
72 FREL 10.00 g KT 458 F 50 mL FEpRH,
ANZEBAK (K : £=2.5: 1), A EBEPE 30 min, #
B 15 min J5 KBS W ST3100/F & pH {3572
A 2 , £ 584G HLIK (soil organic carbon, SOC)
M 5E  FRBGL 0.149 mm 7 FL A KT £0.500 0 glikt
A 150 mL =, AR AR AgNO, 0.10 g, K
#MA 0.8 mol - LTH K FRE (K,Cr,0,) ¥ R ATV
AR 5 mL, i EmaE /N, & T 230 CHUENA
PN 15 min, SR FH 0.1 mol - LAY &7 2 3V 2k i
5 2 B E SOC & &, &AL (total nitrogen,
TN) P52 R HL0.500 0 g X T 4 3 A Bl
TIAGE 5 28 18 K MR VR AR &, A 8 mL MR GRFR , 7F
3 XU i A 2 TR A, SR A B s LI e AU
( KDN-520, Hu N R 1A 28 A BRA w)) W 2 &
(TP) M5 . FRUL 0.25 ¢ W+ - TFEIHIE, ImA 3
T ICK S TERESL 1OF4H 2 ¢ NaOH KA
TR LA 400 °C 15 min, SRS 75 °C ZEM K e
BITHEAL 2 100 mL 25 8 P, WO AL I BETR S
mL 2 50 mL &=, INAZZWKHBEE 30 mL,
TN R I8 3 0, AP R AF] 5 mL, B A
BN CRAEE ANy SO E T (T-6M, i R #X
A BRA A #E 700 nm AR AE A A8 (available
phosphorus , AP) i 5 . FREX 0.25 ¢ W+ HHF
200 mL i w6 19 S8 R P, A 50 mL 19 0.5
mol - L' NaHCO, , fH i (25 C) 3% % & 30 min,
R TCBE S AR U8, W ICIE VR 5 mL I A GH R g
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42 %

T 5 mL FISAL S 00 13, 64 15 min J5
8 B 5 4143 66 BE 1T 7E 680 nm AN E 1 Mg
BA(NH, -N) FIHSZ A (NO, ™ -N) U 5E . FRHL 5.00
g WA LHMABE LA A 25 mL 2 mol - L7
KCI R 2 HE (120 - min™ 2 h) , &35 45 U 7
FEEL>8 000 r + min™ |15 min, # B 53 g, U
YU, — 0 I AR IR - 2 — e VU 2, R — 4N 9% M
MTFME NO,™-N, F5 — 3 A K By 8 — 2 — e I
LR NG TR T 58 NH,"-N, 3% 8 R JH %
22 3 43 B AL ( SmartChem 200, AMS/ Alliance ,
Ttaly) W %2, % i PE A Pl 8% ( dissolved organic
carbon, DOC) M %E . FRHL 20.0 g M+ - FE F417 15 B9
150 mL ¥R iIMA 60 mL.5 g - L' 8RR 84,
PABE R 120 r - min ' 7R IR 18 h, Ik B IF Y
BB T 60 CHEE T HET 48 h 58 TOC A 353 #r
% ( TOC-LCPH, Shimadzu, Japan ) #ll &2 DOC, &%
fi#VE & (total dissolved nitrogen, TDN ) Jll 5 . Fi HX
5.00 g KT 4 F 50 mL 7 55 (1 3R H, A 25
mL. 1 mol - L' &AL B W, A% & 180 r -
min” , EEZIEY 1 h, IR EIFYWEE 10 min J5id)E
F 50 mL FEHE B8 mL JERMNA 10 mL 1352
BREALFI AL 15 min, RAESLR 30 A sh (0
& TDN ¥ B % ff A ML A ( dissolved organic
nitrogen , DON) X TDN — (NH,*-N + NO, -N) }15&
(HIETE5,2020) o BRI 40% H )5 7K & 0 37 6 1
HE70.0 g T 80 mL HYBEAR Y BEBEAR A L2544

il Lz B B A O B2 R3S 16 -0.07 MPa HLZ5 T ff
SATRIZLHE B 5 min, G200 PR 1 2 WA AR5
4B BB R IR RS = IBRD P, A 100 mL 0.5
mol + L BLERFIA AR (25 °C 300 r - min™ ) iZ42
30 min, BIFY) L UE, WA 0 10 mL 38, — D0 ITA
10 mlL 7 i B4 T2 0 1 T D 000 7 k2 0 A ) e
( microbial biomass carbon, MBC) , 5 — 1)y & T4 &
B, S mL VBRI AL, MU 3 h, T E L
H YA W) A (microbial biomass nitrogen, MBN) , —.
HHERHI TOC A 343 Hr A&

1.3.2 234 R84 N,0 HEskak a2 A
B Ak g3 O v AR AL A (R ) L EBT AL R
(Rm) &3 FF 14 d B RIERERIE . fTT0 S
Z L BAREACR I 40.00 ¢ £HEE T 500 mL (1 3R
(= 8 em, HAR 6 cm) 1 IREF 60% (1 + 3
FOKA A 25 CRYMEE RIS IR TP G SR 6 d,

ZIGTEMRI AR Z 0 T IE ARG % 14 d, TEHE SR
BUEE 1268 7 268 14 d 2 B0 B 3R AT 1 S IORE
W5 A S LR . Rn A1 Rm(mg N kg« d™)
HESEE 7 (2021) B )5, Rn(mg N kg -
&)= B RRAE(NO, N) A7 it - TS
A(NO, -N) & /K F2 0 [, Rm (mg N kg -
d"y= 1325 THLE (NH, =N + NO, -N) F &t -4
FEHTEHLE (NH, -N + NO, -N) & /B 3 mf ]

I PAT R SR E N,O HEBGHR AR, A
(958 M T A 55— )2 0 T 3% Sy A PILBEE, LA B
17K i R ARl <, ffH Picarro G2508 1S,
MWZEE%*E@‘(( Picarro G2208 Environment, Picarro
Inc., CA, USA) fESFFRHIMISE 1.5 3 50 5 5 7
FER 14 KIME N,O HEBOHE A (52555 ,2015) , 7R
D N, O HE 3 2 Fi % B 2 M B IR 6E 12 h, N, 0
R AR (g « kg - d7) il 12 h #HHIH N,0
W R AT
1.3.3 23 A4 NFGs e A ®Wal 2 Fl
GeoChip 5.0 TIRERE S 2 G X A= ) NFGs 125
B HVHEAT I E 5387, R G e — A B i )
HET& D BE i X Y w5 5. GeoChip 5.0 £
N57000 ™ ZEA% 1 IR ST, H 35 T N373 HE PR Kk
H1144 000> 5L 751, AT LARSE I tE gPCR BT
ZHYRER 2 Y B E T A (8] Y B A= P ) e A AR
Py R AL B (5 B4, 2018)

HF B AL BRAY L HERE SRS, FRIC0.50 ¢+
HEREAS Hh i A PowerSoil i3 & ( MoBio, Carlsbad,
USA) #E47 DNA 210, #4F mi £ HEI 3 P47 H
At DNA 21 FVEC 73 531 4 FH 2306 016 B 3 AT
EH AR SE ( FLUOstar OPTIMA, BMG Labtech, Jena,
Germany ) Rzl EERG N5 4% B9 DNA FE i 547966
FRic G 2438 O A A S R (Li et al., 2017)
SRR S e B2 kAT 3 AN

BLRLE F BAAEBRUNS R Cy-3 26U kL BE
PLEIHIRIC , R A QIA 2iAki5H & (QIAGEN QUICK
Purification Kit, Roche NimbleGen Inc, USA) Zfifk5¢
JEFRICJE 8 DNA, IR AR IC B #Y DNA K5 R
T+ 4 BE % 1% ( Savant SVC200, Thermo Savant,
Holbrook, NY, USA) 7E 45 °C %44 F T/ 45 min,
BB AERRC ISR IS 19 DNA BEEIIA 120 pl 2838 %%
I (40% H Bt 0. 1% + —BeSERRIR BN 10 pg K
PRICAY DNA [ 2xSSC) , fif 58 R #F I 90 C A 5
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min, 50 “CHRFE 30 min, 7E MAUI 24387 65 40 °C i
172538 16 h, 2K JH NimbleGen MS200 fs B3 441X
(Roche NimbleGen, Inc., Madison, WI, USA) X%} 4
EE Y A TE 633 nm b AL, 415 2
B FEE H Imagene 6.0 008 X1 4 BAZ 3017 5% e
PEI AT T o AR EAL

Bt i A v A A B HE R A U — 0 RN 25 4B BH
P HISASFEAO G 3R SR R 4K R [R]—HE RO i A
FIREAIK P o BBRAE MR /N T 2.0 MR & A
W5 AR e, B 5 # AL A AR X U 15 B
(Zhang et al., 2017) , ik NFGs TR &
& L IR AR v A IR BR 2 w58 i
1.4 HiEALE

i IBM SPSS 22.0 #[H 2 J5 22 73 #1 ( One-
way, ANOVA) il Tukeytest 25 5 L 5K B0 -4 A S
IS SR | DA X 2 B O NFGs %03 B &
(5% W, K ] Pearson AH 3G 43 M7 46 38 -+ 338 14 57 |
NFGs £ 25 A R F b R Z |/ & & R M
Origin 8.5 2= B . A 45 2R 4 NEE P
BB hRE2E (xts) o

2 HREHHH

2.1 EURINRTAE FA N bk T T840 1 R B 52 0l

DAEE 1 A, PSR AR N BN R S A T
WOy LR AL E T, IR LR AR R A,
€ NO,™-N F1 DON ¥ BBl 25 N ¥ IAKCF- (4 38 fin i
B, B LA N10 Ab3UE i oK, H B 2 KT NO Ak 3
(P<0.05) , BlEH Z B MK 042 & 3% NH,"-N
TEETEBS HLABEY TR ZEZESR,
SOC \MBC L J C/N Fifigg N ¥ fin 7K () 38 hn &2 5%
TR TR S [E R R NS A HA i
KAH; DOC A N WK 14 $2 75 5 2 AR
F LA NT Ab AR B K, HA - SR B, 45 4b
FHE{%) MBN TN TP AP 1 pH 22 5 /N, 4b #H (] i
B xR,
2.2 WRMAEFRAIARRINGEERE (NFGs) 18
Xt 3 B %2 0

M 2 RN O 0 i 25 2l 2R T R 4 NFGs
FOFENT 28 o B NFG JE PR A A X F B R
N 743 [ 5 e B (nifH ) F1 A A 2 R (narG) 2
NFGs =F B e K0 WA JE B, 2 51 o 6 32 B Y
16.69% ~ 18.03% H1 17.42% ~18.98% , [FH} , & A&

Jiti AL BE(NO) A EE , N1 AbBE G 53480 T 2 564k
1R amoA-AOA Fl amoA-AOB FE R ( 4 b5 248 Ak
) 25 AL VE B norB 3 X ( 4 A IV i 2
W) 25 R R R nird 35 (G b5 6 iR
WEHE) S5 5 AR EE nrfA 35 (G b5 6 iR
G B L) B AE R = B NS A B S T
Z5 @AM ureC FEH (G 15 KB ) . amoA-AOB |
norB .nirA UL ) nrfA B AR X B, [RIFE, N10 Ab B
FOBR T S 528 hasa LR (RISA DS
fif ) 55 At A BTG 3 25 S A0, AR NFGs AR X
FEH B E TR,
23IEAMHABBFRAIARREZE N T NFGs
BEENZIL

FH & 3 AT SR A A R AL B Y NFGs S AH
XA, MUY R AR R AL A
AR W e K, = RSO B NFGs R
73.7%LA b DA E Ak T AR OR A, 76 ik
EE AN =R AN - =K AN =L AN K82 & X 4
RILJRE T DREFEAL R BRIRAZE AL H) N10
5 NO Tl 2 A0, HAh &t F2 B A N10 Ab P i
FNF H A AP, H 45 A 3R R A i B R NS>
N1>NO>N10 By ##%, H NO 5 N1 Z 8] ¥ 5 & %
25,
24 RHRMMEFMALMN T18ES NBEEER,
& N #LF1 N,O HEME R RN

HE 1 AL, 5 NO AL b, 4 0 00 in i
FHOINT N1 A1 NS 4 N fifk 5 N 7 LA N,0 1Y
HERGHE 2, = 78 N5 b3 ik 2 /% KR8, 2 5 16
N10 Zb 3BT FE,N10 Ab3L 5 NO Ab B4 3 A7 b 2 22
Sto 5 NO AbFEAH H, BN EUE i N RS AL T4 A
N, O HE I H R4 A AR B4R =7, 14 N RS AL 1k
FUN, O HEBCH ZAE ARG 53038 i T 18.62% ~
57.41% .10.95% ~49.88% H1 1.69% ~28.55% ,
25 RFEMTEFMAIK T EREEL NFGs E
ES5TERFHEXSH

AFE 2 AT 12 A EAL P RS AR S A
Ak Wk SRS AE T SRR A TR bR 0 A G 4
Mrep, 37 TN TP \NO, -N . DOC " 5 F—%&
EeAbid B NFGs FREEAFAE W A M o 1A
T S5HAT — A L3 7 NFGs FJE ¥ 0 B & M ¢
P, BTN W H, TN 551k R AR R 5 R
W AR PR R B IEA G, TP 5 R/ LR
NFGs £ B F K, £ N0, -N 5 DOC 1+
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Fig. 1 Effects of nitrogen addition on soil physical and chemical properties of Pinus sylvestris var. mongolica plantation
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F1 FARMMNEFRAIHRLTIES NHEWL
R S NF LR N,O HEREENm
Table 1

nitrification rate, net N mineralization rate and N,0

Effects of nitrogen addition on soil net N

emission rate in Pinus sylvestris var. mongolica plantation

W R LK N,0 #J
W AR o
Net N nitrification Net N Hpox
hb 3 rate mineralization N,O
Treatment (mg N . rate emission rate
ko - d—l) (nllg er' (pg N -
8 kg' - d") ke' - d™)
NO 0.32+0.05¢ 0.42+0.05b 5.04+0.34c
N1 0.42+0.04ab 0.54+0.04a 5.64+0.13ab
N5 0.47+0.03a 0.59+0.05a 6.06+0.29a
N10 0.38+0.03hc 0.46+0.02b 5.27+0.41bc

T AE/NG RS [F] b 3 ) A 8 35 1 22 57 (P<0.05)
Note: Different lowercase letters indicate significant differences
among different treatments ( P<0.05).
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2.6 TS NWHALER % N & LF N,O HEAUE
Z 5 NFGs, T B REE XD

H% 3 A UL, A OC 2 B3R W ¥ AL Ak B R
(Rn) AT AL (Rm) Al N,O HEHGHE R (Re) 5
B4 NFGs B AR = B2 il 398 1 o 38 b 235 DD AH 56
HBAKKE ,Rn 5 UreC ,AmoA-AOB | nirA , nrfA B #
X2 DL K £ 3 SOC \NO,"-N MBC \MBC % &
WEIEA G, Horh MBC 1 SOC 5 Rn (W40 G M8
W, AL E(Rm) 5 5ABA L BED
NFGs, Wl wreC gdh . nifH . amoA-AOB | narG . nirK |
norB .nirA .nrfA DA M 13 SOC MBC & & &2 i % I
A (H5 MBC &8 1 nrfA (A0 1 e 5 HAl A
R EZEY, Re 5% amoAAOA F hao I
PRIJC R @ AH G SC R A, 55 HA i A il 16 Fn B il Ak

20r B
(]
2 15F
. ;
# =
&= o 10F
=2
ZZ
2
5 -
0
REEEA
Anammox
60
350
g
< 40
# 2
22
E3
g 20
10
amoA-AOA amoA-AOB hao
Tk
Nitrification

1000

0
(=3
f=}

LRSS
Relative abundance
(2]
o
(=]

400
200
narG nirkK nirS norB nosZ
Ak
Denitrification

K2 RES IR T N AR D RERE N (NFGs ) AH X = B2 A 532 1

Fig. 2 Effects of nitrogen addition on the relative abundance of nitrogen functional

genes (NFGs) in Pinus sylvestris var. mongolica plantation
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Table 2 Correlation analysis of soil nitrogen transformation process and soil factors in

Pinus sylvestris var. mongolica plantation under nitrogen addition

" " — [ R HIhfe
. IR REER RRREN REEER RREER ., CJHEER
[ A AL A e o = “ “ IRAA A B
- i F F B F B F FER A .
+ 3R T ESyity . . s Nans o i e S ES Total
. . Ammonification  Nitrification Denitrification ~ Assimilatory N Dissimilatory N
Soil factor N fiaxion gene . . Anammox gene  abundance of
abundance gene gene gene reduction gene  reduction gene abundance  nitrogen function
abundance abundance abundance abundance abundance 8 sene
SOC 0.49 0.25 0.48 0.45 0.41 0.43 0.49 0.45
TN 0.24 0.47 0.81%* 0.35 0.83%* 0.77* 0.24 0.33
C/N 0.44 0.50 0.46 0.43 0.40 0.32 0.46 0.43
TP 0.13 0.49 0.30 0.17 0.09 0.83%* 0.26 0.17
NO, -N 0.62%* 0.73%* 0.77%* 0.80%* 0.82%* 0.80%* 0.79%* 0.82%*
NH,"-N 0.51 0.63 0.44 0.5 0.57 0.54 0.46 0.53
AP -0.51 -0.62 -0.46 -0.35 -0.44 -0.35 -0.38 -0.36
DOC 0.75% 0.74%* 0.36 0.74%* 0.74%* 0.73%* 0.27 0.76%*
DON -0.19 -0.21 -0.45 -0.23 -0.47 -0.26 -0.33 -0.16
MBC 0.27 0.53 0.54 0.61 0.57 0.60 0.26 0.21
MBN -0.21 -0.48 -0.46 -0.39 -0.38 -0.58 -0.53 -0.47
pH 0.22 0.09 0.32 0.25 0.17 0.26 0.29 0.22

Lk, A R FIRTE 0.05 F10.01 /KT B3 FM B g A0 . TR,

Note : *, ** are significantly and extremely significantly correlated at 0.05 and 0.01 levels respectively. The same below.

x3 AFAMTEFRAIARIES NHEULEER FNTHLE
LB N,O HEMRZEES NFGs X EFER T HEEFHXR
Table 3 Relationship between soil net N nitrification rate, net N mineralization rate, N,O emission rate and relative

abundance of NFGs and soil factor under nitrogen addition in Pinus sylvestris var. mongolica plantation
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C g mi ¢ nirk s B nosZ B A nirA  nirB pA mfA  SOC TN NO,-NNO,-N DOC DON MBC MBN
Rn 050 049 048 021 0.54* 036 045 045 041 049 042 027 043 055 028 037 055 0.56* 018 050 021 -006 023 0.72% —0.09
Rm 057 0.57* 056* 028 0.60* 043 056 0.52¢ 049 0.56* 049 036 050 061* 037 045 0.62* 0.56* 0.1 040 0.3 -0.02 0.10 0.69* —0.14
Re —  —  — 028 059% 039 057% 053 051 056 052* — — — — — — 055 018 033 018 011 031 057% 017
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Table 4  Stepwise multiple regression analysis of NFGs, AR P BFIE LS BN L BB 220 narG nirk F1
il factor and net N nitrification r: o - ’
1\?01 ‘ act(il‘r an net N nitrification 'rdt‘e , net nirS EREREE N VIR T KRBT . norB A0
mineralization rate and N,O emission rate )
prrT nosZ %t N AU (Tang et al., 2016) . & W
RAFe it iz P P — N N
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proges A K AR 2 S Ak S B SR, vk 2 A 2 £k

Bo Qoo AGRRORONEC o6 cooon AR narG K9k B SR AL IOEAT , T A
WIS N 5 A A W 19 A 6
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R 0.75 0.001 N N
" MBC-0.746 ) B 2020) , A I AT RE 2 54k N TR norB Al
Re ¥=0.0708narG+0.066nirS-22.726  0.69  <0.001 nosZ WS4 ( Chen et al., 2012), A, ZEASBF 5%

o, SOEE AL R B A 2 S NO,™-N DOC &2 1 3%

i amoA-AOB Xt N BB v AU X Skt 1IEMSE, X5 Wang 5 (2017) WFIE 4518 1Y narG Al
g e B LI 235 SR AR AL (AR AT FR 4 ,2020) napA A% EBE 5 SOC NO, ™ -N & 2 5 1F AH C [ 45
TESHAL AT RESL R Hp  NT AT NS Ab PR BT —8, XnTae2ES 5 e sty
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